Understanding the determinants of individuals' perceptions of their risk of becoming infected with HIV and their perceptions of acceptable strategies of prevention is an essential step towards curtailing the spread of this disease. We focus in this paper on learning and decision-making about AIDS in the context of high uncertainty about the disease and appropriate behavioral responses, and we argue that social interaction is an important determinant of risk perceptions and the acceptability of behavioral change. Using longitudinal survey data from rural Kenya and Malawi, we test this hypothesis. We investigate whether social interactions-and especially the extent to which social network partners perceive themselves to be at risk -exert causal influences on respondents' risk perceptions and on one approach to prevention, spousal communication about the threat of AIDS to the couple and their children. The study explicitly allows for the possibility that important characteristics, such as unobserved preferences or community characteristics, determine not only the outcomes of interest but also the size and composition of networks. The most important empirical result is that social networks have significant and substantial effects on risk perception and the adoption of new behaviors even after controlling for unobserved factors.
Introduction
Africans represent 70 percent of the world's population living with HIV, and 75 percent of the AIDSrelated deaths since the early 1980s have occurred in Africa (United Nations 2000). In Malawi, for instance, the median prevalence of HIV among women attending antenatal facilities outside major urban areas in 2001 was 16%, with a range across rural surveillance sites from 4.5% to 36%, placing it eighth on a list of most infected countries headed by Botswana with a median prevalence of 35% (UNAIDS/WHO 2002) . The Government of Malawi and World Bank (1998, p. vi) assess these levels of HIV infections with substantial concern: "The HIV/AIDS epidemic in Malawi has reached crisis proportions. [...] The evidence that HIV prevalence continues to be high among young adults means prevention activities must be intensified. The expected doubling of AIDS cases and deaths over the next decade means the coping mechanisms of individuals, families, and communities must be fortified."
The key behavioral options of individuals to respond to increased HIV/AIDS risks in rural Malawi-as well as in many other developing countries with high HIV/AIDS prevalence-include greater marital fidelity, the use of condoms in sexual relations outside of marriage, or within marriage when one spouse is potentially infected, and adjustments in the timing of first sexual intercourse and marriage. While AIDS is clearly a crisis, it is evident that the vast majority of rural adults-for example, 85% in Malawi and 65% in Botswana-have escaped infection, in part by adopting the above prevention strategies. Moreover, despite the pessimism of most writing on HIV/AIDS in sub-Saharan Africa, there are indications that behavioral changes are an important strategy for preventing infection. Recent surveys (e.g., the Demographic and Health Surveys, DHS) in areas where HIV/AIDS is particularly high show that almost everyone has the abstract knowledge to prevent HIV/AIDS: they know that HIV is primarily transmitted sexually, and that it can be prevented by abstinence before marriage and fidelity after. A few studies have gone further, showing that rural men and women know that AIDS is fatal and that they are deeply worried about contracting HIV and the implications for their children should they become infected and, in the absence of treatment, invariably die (Foster n.d.; Green n.d.; Rutenberg et al. 2000; Smith 2002; . It is thus reasonable to expect that individuals and couples adjust their behaviors with respect to sexual and marital relations in order to respond to the threat of AIDS. Some studies also claim that intervention programs that focus on such behavioral changes are substantially-by a factor of up to 28-more cost-effective in terms of reducing HIV/AIDS mortality than highly active antiretroviral therapy (HAART) (Marseille et al. 2002) . Moreover, this effectiveness of behavioral strategies to prevent HIV/AIDS may be further enhanced because attitudinal and behavioral change, once begun, is likely to be rapid and pervasive, much as fertility declines, once begun, have been rapid and widespread (Bongaarts and Watkins 1996) .
The timing, pace and extent of behavioral responses by individuals and couples to HIV/AIDS risk is importantly related to (a) individuals' subjective perceptions of their infection risks and (b) their knowledge about and the availability of acceptable and effective strategies to reduce this risk. Risk-perceptions-in addition to information about and access to prevention strategies-have therefore been a central aspect in many theories of AIDS-related behavior changes such as the "Health Believe Model", the "AIDS Risk Reduction Model" or the "Theory of Reasoned Action" (UNAIDS 1999) . Despite this emphasis on risk perceptions, however, very little research has focused on the determinants of subjective risk assessments. In particular, although behavior change occurs at the level of individuals, empirical studies and recent economic theories suggest the hypothesis that individuals engage in social learning and form their assessment of risk about AIDS infectionsor of other health hazards-in interaction with others (e.g., see Kohler 1997; Manski 2000; UNAIDS 1999 ). Social interaction, for instance, can provide information about the level of HIV/AIDS in the local community, the infection status of (potential) sexual or marital partners, the availability, acceptability and effectiveness of preventive strategies, and other determinants of HIV/AIDS risk.
At least two sources of empirical evidence support this hypothesis. First, experimental and empirical studies have revealed strong influences of peers on risk assessments, expectations and subjective beliefs (Fiske and Taylor 1991; Nisbett and Ross 1980; Rabin 1998) . Second, a growing literature on the diffusion of family planning in developing countries suggests that social interactions are an important determinant of the adoption of new demographic behaviors. In particular, where clinic methods of family planning or small family models constituted an innovation, as in many developing countries in the past few decades, there has been considerable uncertainty-similar to that associated with AIDS-related behavior changes-about the risks associated with new behaviors to limit fertility. Several studies have documented that individuals have turned to others to help to evaluate these risks. For example, qualitative data from Thailand and Kenya provide evidence that women chat with each other about family planning and family size (Entwisle et al. 1996; Rutenberg and Watkins 1997; Watkins 2000) and AIDS (Watkins and Schatz 2001) . Related studies on the determinants of contraceptive use in high-fertility areas have estimated and found strong influences of social interactions on demographic attitudes and behavior (e.g., Entwisle et al. 1996; Kohler et al. 2001; Montgomery and Chung 1998; Munshi and Myaux 2000) . Though qualifications are needed in many cases because the studies do not all control for the endogenous choices of social network partners, on the whole these studies suggest that social networks play an important role in shaping the diffusion of innovations in developing countries. Behrman et al. (2002) , for instance, conclude that social networks have significant and substantial effects on contraceptive use even after controlling for unobserved factors that may determine the nature of the social networks (for a related literature on learning about agricultural innovations, see for instance Foster and Rosenzweig 1995) .
In summary, the above studies suggest that social interactions may exert important influences on individuals' and couples' responses to increased HIV/AIDS risks. Nevertheless, these effects are not well documented or understood. In this paper we therefore investigate the relevance of social interactions for perceptions of the risk of infection with HIV and for the adoption of a potentially important preventive strategy, spousal communication about the threat of AIDS. Our study is based on longitudinal household surveys conducted in Kenya in 1994 and in Malawi in 1998 -2001 . These surveys have two features that make them exceptional in the research on HIV/AIDS in developing countries: (a) the surveys elicited information about the social network partners with whom the respondents have talked about AIDS, and (b) the panel-design of these data provide multiple observations about risk perceptions and spousal communication that allow us to control for unobserved heterogeneity using fixed-effect and GMM-IV fixed-effect estimation.
Our analyses yield three main findings: First, the endogeneity of social networks may substantially distort the usual cross-sectional estimates of network influences. Second, social networks have significant and substantial effects even after controlling for unobserved factors. Third, these network effects generally are nonlinear and asymmetric. They are particularly large for individuals who have at least one network partner with strong concerns about AIDS, and network partners with strong concerns about AIDS exert stronger effects on individual's risk perception than network partners with no or only modest concerns.
Background
The determinants of behavioral responses to HIV/AIDS-such as increased marital fidelity, condom use and changes in the timing of extra-marital and marital relations-include a broad range of social, economic and personal aspects, including for instance:
• individual characteristics, including age, education, marital status, health status, preferences for social interactions, preferences for a variety of sexual partners, susceptibility to HIV infection due to other sexually transmitted diseases, etc.;
• knowledge about HIV/AIDS, its symptoms and pathways of transmission;
• knowledge about exposure to HIV/AIDS, including knowledge about own risk behaviors, behaviors of the spouse that can lead to HIV infection, prevalence of HIV/AIDS in the population that constitutes the most important source of direct and indirect sexual contact with infected individuals;
• perceptions of the risk of contracting HIV/AIDS based on one's own behavior and that of one's sexual partner(s);
• knowledge about the social acceptability of behavioral changes such as the use of condoms within marriage;
• the outcomes of household bargaining processes within couples who face a joint risk about those behavioral responses that require the consent or involvement of both partners; and
• current and future expected prices of information, condoms, antiretroviral therapy, and other items relevant for preventing or treating HIV/AIDS.
Our analyses in this paper focus on the fourth aspect-individuals' risk perceptions and the intrahousehold communication about these risks-and we particularly investigate the relevance of social interactions for assessing this risk and discussing it with spouses. An important innovation that distinguishes this study from earlier investigations is that our analyses explicitly recognize that many of the above determinants of AIDS/HIV risk assessments are unobserved and simultaneously affect risk perceptions as well as the size, composition and selection of individual's network partners. This is in contrast to most of the existing literature on social interactions and demographic behaviors, which has assumed, usually implicitly, that it is acceptable to treat networks as if they were formed randomly.
There are at least two reasons to expect that this assumption may often be violated: First, a theoretical consideration of learning under uncertainty suggests that social interactions about HIV/AIDS are determined by the following factors: (i ) the costs and benefits of social learning about AIDS and AIDS-related issues; (ii ) the various social constraints imposed on the ability to engage in interactions about HIV/AIDS due to the availability of suitable network partners and the social acceptability of communications about risks and prevention strategies within households and within the community; and (iii ) the ability to reduce uncertainty about AIDS risks or about prevention strategies through interaction with others, which depends in part on network partners' knowledge, their possibly strategic communication of this knowledge, and the ability of individuals to interpret correctly the information they obtain from others. Within such a model, optimal learning and decision-making at some time t is subject to budget and information constraints. This leads to reduced-form relations of the perceived AIDS risk and the propensity to adopt AIDS-related behavioral changes at time t that include on the right-side all of the variables that are predetermined from the point of view of individuals at the time of the current period's decisions: all preferences, all household and community characteristics, all current and expected prices, information collected prior to time t, etc. Because the perceived AIDS risk, the adoption of AIDS-related behavioral change and social networks all are dynamic, these relations need to be updated for assets that are carried over time. 1 Second, Watkins and Warriner (2000) show on the basis of survey and qualitative data collected in rural Kenya that the networks with whom respondents discuss issues of family planning and AIDS are relatively homogeneous compared to networks in more economically and socially stratified countries: for example, the respondent and his or her network partners tend to be similar in terms of their age, education, and economic status. This homogeneity of networks is undoubtedly due in part to the constraints imposed by the context of rural Kenya and Malawi (or similar contexts in other African countries), where relatively homogeneous populations live in small communities with poor transport and communication facilities. This homogeneity is qualified once additional qualitative data are considered. In particular, semistructured interviews with 40 women show that a primary criterion for the choice of network partners appeared to be a preference for talking with others "like me", i.e. homophily. The qualitative data also show that in addition to network selection on the basis of homophily, there is some strategic selection of network partners because they are believed to use family planning and thus may have relevant information. From these studies, and consistent with the above theoretical considerations, the process of network selection therefore appears to be structured by a combination of homophily and strategic selection of network partners who have relevant knowledge or experience.
Empirical Model
Based on the above considerations, we posit that prior social networks are not likely to be random in the sense of being independent of disturbance terms in relations for the estimation of risk perceptions and AIDS-related behaviors at time t. Therefore we use an empirical specification of the relation determining risk perceptions and AIDS-related behaviors in which there is explicit recognition that, in addition to observed right-side variables (including social networks prior to time t), there are unobserved factors. A first-order linear approximation to the model for the perceived risk of AIDS is: 2
where Y it is perceived AIDS risk of individual i at time t, varying in the Kenya data from 1 = no perceived AIDS risk to 4 = high perceived AIDS risk and in the Malawi data from 1 = no perceived AIDS risk to 3 = high perceived AIDS risk;
N it− is the social network for individual i prior to time t (we use the subscript "t−" to emphasize that the variable N refers to the time prior to t; we use this notation also for other predetermined variables); A first order approximation to this process of network formation is:
As a result of this specification, the ordinary least squares (OLS) estimate of the coefficient of social networks, a, in the determination of current risk perceptions and AIDS-related behaviors in equation (1) includes not only the effect of social networks, but also the correlated effect of the unobserved factors, f i , that affect both networks N it− and risk perceptions Y it− . In particular, in the simplest case in which there is no X it− in equation (1), the estimate of a equals the true value of a plus the effect of f i times the correlation between f i and N it− .
To obtain consistent estimates of the coefficient a, which measures the impact of social networks on risk perceptions and AIDS-related behaviors, it is necessary to break the correlation between the term representing social networks and the compound disturbance term including both fixed and random elements. For this purpose we combine in our estimation-strategy both fixed effect and instrumental variable estimation, and we follow an approach that is motivated by recent progress in estimation techniques for dynamic panel models (e.g., Arellano and Honoré 2001) . As an illustration of our estimation strategy, consider a pure fixed effects estimation using a longitudinal dataset with two survey waves, that is, a dataset that corresponds to the household panel available for our
analyses. In this model, the fixed-effect estimates are obtained from the OLS estimation of the differenced version of equation (1) as
where ∆ denotes the difference in variables between the the survey waves at time t and t + 1.
Although the fixed effect estimation of equation (1) is likely to improve upon standard OLS analyses, it is nevertheless not fully satisfactory. In particular, the fixed-effect estimation relies on the important assumption that the social network prior to time t, N it− , does not depend on the lagged disturbance terms e i(t−1) (or higher order lags). That is, fixed effect estimation does not yield consistent estimates of the network effects on risk perception if the network is determined as
This specification differs from the earlier relation in Eq. (2) to the initial number of network partners, which is plausible because the probability of a chance conversation with a new individual in the course of daily life (for example, while fetching water or going to the grain mill) ceteris paribus would seem to be greater over a given time interval the fewer network partners one has had in the past. Similarly, we find evidence that the change in the number of network partners between panels is positively related to events that plausibly increase opportunities to increase interaction (e.g., funerals, and other events that lead to social gatherings).
If the stock of social network partners in the network at the beginning of the panel is correlated only with the individual fixed-effect, but not with the random term in the differenced relation (3), ∆e it , then the stock of social network partners at the beginning of the panel can be used as an instrument for the change in the social network composition between the survey waves, ∆N it− .
For instance, networks generated according to equation (4) in combination with the formation of risk perceptions in equation (1) satisfy this condition. Hence, in this model the "stock" of network partners can therefore be used as an instrument for ∆N it− in Eq. (3). Moreover, the instruments can also include other "stock variables" at the beginning of the panel that are correlated to individual fixed effects but not ∆e it , such as age, education, marital status, and indicators of household wealth.
In order to demonstrate empirically the relevance of considering the endogeneity of social networks in inferences of social interaction effects, we will implement the following four estimation techniques in our subsequent analyses:
• standard OLS analyses of equation (1);
• fixed-effect estimation of equation (1), which in our case is equivalent to OLS applied to the differenced relation (3);
• IV fixed-effect estimation of relation (3) that instruments for the change in the social network measures, ∆N it− ;
• GMM-IV fixed effect-estimation, which uses a more efficient weighting of the moment conditions implied by the IV fixed-effect estimation.
Data and Context
Our analyses are based on data from the Kenyan Diffusion and Ideational Change Project ( Table 1 for Kenya and Table 2 for Malawi.
There are both similarities and differences between our sites in Kenya and Malawi. In both Kenya and Malawi, the regions covered by the survey are primarily characterized by subsistence agriculture. Education is valued as a route out of poverty. Although most men and women have attended school, few in our samples had studied beyond the primary grades: those with more education seek work in the cities. Cash necessary for such expenses as school fees and clothing is obtained from remittances, wage labor, or, especially for women, small scale retailing (e.g., buying bananas in a larger market and reselling them locally). Despite a broad similarity in the overall socioeconomic contexts, there is marked variation across survey sites in the level of market activity and proximity to major transport routes. Moreover, variation in marriage patterns between our sites in Kenya and Malawi, suggest the possibility of different network dynamics. In the Kenya site, and in one of the three sites in Malawi, residence is patrilocal. Thus, men who are de jure residents of a village are related to each other through a common ancestor. Women, however, must form new networks at marriage, although they do retain links with their natal families in other parts of the region. The other two sites in Malawi, however, are predominantly matrilocal, such that it is the men rather than the women who form new networks at marriage.
Our survey data on sexual behavior is more extensive for Malawi than for Kenya, since in Malawi we added partnership and marital histories to the questionnaire (for more detail, see Bracher et al. 2002) . However, the qualitative data for Kenya suggests that sexual patterns are similar. In all three study sites in Malawi, girls become sexually active earlier than boys and also marry earlier.
Their first sexual partner tends to be older than they are themselves, and their first husband to be even older. Men are more likely to report premarital sex on the survey than women, but qualitative data show that premarital sex is common for both; we suspect that both men and women, but particularly women, underreport premarital and extramarital sex on surveys. Men are also more likely than women to report that during their first sexual relationship they had concurrent sexual relations with someone other than their regular partner although the proportions are not particularly high. Both men and women, however, evidenced a considerable lack of trust in the sexual faithfulness of their first sexual partner. The first sexual partnership tended to be short, and condom use was negligible. Fewer men than women reported marrying their first sexual partner (albeit women may be more likely to omit early relations that did not lead to marriage), and once sexually active, men were slower than women to marry. Although some reported no premarital or extramarital partners, widespread premarital and extramarital experience suggests that in this context strict abstinence and fidelity can be considered innovative behaviors. Due to the high perceived infection risks and the widespread knowledge of AIDS-related deaths, AIDS has also become a frequent topic in interactions in social networks and within couples. The networks are highly gendered: men talk with men, women with women (Watkins and Warriner 2000; . Our qualitative data also suggest that these discussions are often provoked by observing or hearing about an illness or death. Although virtually no one has a clinical diagnosis of AIDS, the common symptoms (loss of weight, diarrhea, failure to respond to treatment for opportunistic infections) are well known (Chimwaza and Watkins 2002) . Discussions often link these symptoms to local knowledge of the sexual behavior of the patient or the deceased. Most importantly, in discussions about AIDS there is often an attempt formulate locally acceptable strategies of prevention that adapt the prevention advice promulgated by international agencies and the government to local circumstances: for example, men may chat about the advisability of using a condom with a particular partner or a particular type of partner, and women may consult each other about strategies for persuading a husband to be faithful (Smith and Watkins 2003; Watkins 2003; Watkins and Schatz 2001) . Conversations with spouses are focused on the threat of AIDS to the couple's children. Typically, both husband and wife acknowledge their joint fates that the behavior of each affects the survival of both; they consider the implications of their possible deaths for their children should they be orphaned; and encourage mutual fidelity .
Although unusual for data on HIV/AIDS, our quantitative data also include detailed accounts about women and men's interactions about HIV/AIDS with social network partners besides their spouse that allow us to investigate the role and importance of these interactions. In particular, the data include information on egocentric networks, i.e., networks that contain the respondent and network partners with whom the respondent had chatted about AIDS, with detailed information on up to four network partners. The term chat was used to indicate informal conversations rather than the lectures on HIV/AIDS given at clinics. The network data were collected by first asking the respondents with how many network partners they had chatted about AIDS. 7 After the respondents listed all network partners with whom they had conversations about AIDS, they were asked a series of questions about a maximum of four of these network partners. The questions asked of the respondent about her/his network partners included relationship (co-wife, sister-in-law, sister, etc.), the degree of closeness (confidant, friend, acquaintance), the network partner's age, sex and wealth, and the perception of the network partner about the risk of becoming infected with HIV/AIDS. 8
Over three-quarters of the women have talked with at least one person about AIDS, and over twofifths of the women have talked with at least one person who feels at a moderate or great risk of becoming infected with AIDS. On average, women report that they have talked with on average with 3.9-4.8 network partners about AIDS, and men report a slightly more interactions ranging from close to 4 to about 7 network partners. Detailed information about interactions is available for about 2.4-3.6 network partners. In general, the respondents report more interactions with network partners that perceive a high AIDS risk as compared to network partners that assess their risk as low. In addition to talking with network partners about AIDS, husbands and wives also discuss their risks and how they can prevent infection.
We represent social networks by the extent to which each respondent's network partners are reported to be worried about AIDS. 9 Since the questions were asked slightly differently in Kenya and Malawi, we represent the perception of risk slightly differently. In particular, perception of risk is a categorical variable with four options in Kenya (categories are: none (1), some (2), moderate (3) and great (4)) and with three options in Malawi (categories are: none (1), moderate (2) and great (3)). In our regression analyses for Kenya, we therefore combine the number of network partners who perceive either no or only a small risk of AIDS infection, and we also combine the number of network partners who perceive moderate or great risks of getting AIDS. In Malawi, we include the number of network partners in three categories of risk perception: no risk, moderate risk and high risks of getting AIDS. The essential variable representing social interactions about HIV/AIDS is therefore the number of network partners with whom the respondent has interacted about HIV/AIDS classified by the network partners' reported risk perception (for Kenya the categories are: no or only a small risk and moderate or great risks; for Malawi the categories are: no risk, moderate risk and high risks). 10
7 The question about the number of conversations did not have an explicit time reference. A related question in the Kenyan survey about the time of the last conversation about AIDS shows that many conversations were relatively recent: the last conversation with the network partner occurred within one year prior to the survey in more than 80% of all cases. We expect that this pattern is similar in Malawi.
8 The specific question regarding the risk perception of the network partners was "How worried is name of network partner about getting AIDS?" with the same response categories as for the respondent.
9 Although in what follows we will refer to the network partners perceptions of risk, this perception is reported by the respondent; see footnote 8.
10 A possible problem regarding our representation of network partners is that it may incorporate random or systematic measurement error. Random measurement error in a right-side variable, as is well-known, biases estimated coefficients towards zero and is exacerbated in fixed effects estimates because such measurement error is larger relative to the deviations from averages on which fixed effects depend than it is relative to the level of the same variables. We are not able to control for random measurement error. So to the extent that when we ask a respondent how many network partners she has and she responds with the true number plus or minus a random term, we underestimate the effect of networks. Systematic measurement error would occur if, for example, respondents systematically underreport their number of network partners because they simply do not recall them all or they over-report AIDS worries of their network partners because they perceive the research team to favor such responses and they wish the team to learn that their friends are concerned about the increased infection risks. Systematic
Our primary dependent variable is the respondent's own risk perception. For our regression analyses, we construct a continuous index for a respondent's risk perception from the categorical values by scoring each response with the values indicated in parentheses for the corresponding levels of subjective risk: none (1), some (2), moderate (3) and great (4) for Kenya; and none (1), moderate (2) and great (3) for Malawi. We adjust for the potential heteroscedasticity in these regression analyses by using White's (1980) heteroscedasticity-consistent covariance matrix estimator. 11 A further dependent variable is available for the Kenyan data where the household survey also provides longitudinal data on the husband-wife communications about HIV/AIDS (Table 1) . 12 This spousal communication has markedly increased during the period of the panel in Kenya, and this change is often seen as an important step towards adopting risk-prevention strategies within marriage.
Our empirical representation of these dependent variables and their relation to social networks is given in equation (1). In addition to social networks, the variables X it− on the right-hand-side of equation (1) include in our empirical model the respondent's age, age 2 and education. These variables are not time-varying and therefore vanish in the fixed effect and FE-IV estimation. In addition we include several time-varying variables that appear also in the differenced relation (3) that underlies the fixed-effect and GMM-IV fixed effect models. Children ever born is included because our qualitative data revealed an important concern about children becoming orphans due to AIDS. This concern is presumably greater the greater the number of children. We also include variables that indicate whether a household has a radio and metal roof because these indicators provide a measure of wealth that we have found to be correlated with other measures of economic status such as usual and actual income. In our analyses, we instrument in the FE-IV estimations for the variables representing the size and composition of social networks and for the number of children ever born because these variables are closely related to the formation of risk perceptions and respondents' preventive strategies (e.g., condom use or changes in intercourse frequencies). We treat a household's possession of a radio and metal roof as exogenous once fixed effects are removed.
measurement error can bias the estimates in either direction, depending on its nature. If respondents systematically understate their number of network partners and do so more the larger is the true number of their network partners, for example, the result is likely to be an upward bias in the estimated impact of the number of network partners in OLS estimates. (Intuitively, the variable that is used in the estimates is smaller than the true number but it represents the effect of the larger number by attributing greater than true effects to the reported number.) If respondents systematically overstate the proportion of their network partners who are worried about AIDS, the result is likely to be a downward bias in the estimated influence of network partner's AIDS concern on the respondents risk perception.
To the extent that individual respondents always misreport their number of network partners by the same amount (though this amount may differ across respondents), our individual fixed effects control perfectly for systematic measurement error. 11 An alternative approach would be the use of categorical models, such as ordered probit. However, because of the nonlinearity in the function relating the latent score to the observed variable these categorical models cannot be combined with fixed effect and FE-IV models. Using linear regression applied to the continuous index described above avoids this problem, while maintaining asymptotically consistent estimators of the coefficients of interest and their standard errors. For further discussion, see Arellano and Honoré (2001) or Honoré and Kyriazidou (2000) .
12 The question was asked as "Have you ever talked to your husband about the chances that you or he might get infected with AIDS?"
Results

Determinants of social network changes
In Table 3 we report regressions for women of change in the number of network partners between the survey waves on the initial number of network partners, individual characteristics and indicators of opportunities for social interaction. The pattern that emerges from these regressions is that a smaller initial number of network partners in each risk-category is strongly associated with larger changes in the number of network partners in both Malawi and Kenya. There are no strong influences across network partners with different risk assessments, which suggests that women do not try to replace network partners who have one category of specific risk perception with partners who have other risk perceptions; on the contrary, women seem to desire a fairly balanced representation of different AIDS risk perceptions in their social networks. In addition, there are very few systematic influences of individual characteristics on the change in social networks over time. One exception is that in Malawi secondary education seems to have a slightly positive and a modest negative effect on the change in the number of network partners with moderate and low risk perception, respectively. In addition, and potentially surprisingly, the indicators of opportunities for social interaction as represented by the average number of funerals attended in a village or the total number of births in a village, do not have strong effects on the change in the network representation. Although we do not report the results here, the pattern of network changes between waves is very similar also for males.
The above changes in the number of network partners between survey periods are consistent with our theoretical discussion in Section 3 about the determinants of network change. Moreover, the dependence of the changes in the size of respondents' networks on the initial size and composition of the network and fixed individual characteristics such as age and higher education is likely to be due to individual fixed effects f i . These effects, however, are removed in our fixed effect estimations that are based on the differenced relation in equation (3). In our analyses we therefore assume that the variables used to predict the change the number of network partners in the analyses in Table 3 are uncorrelated with the residual in Eq. (3) and therefore can be used as instruments for ∆N it− in this relation.
Social network influences on individual's risk perception
We have used three different estimation techniques to estimate the AIDS risk perception relation in equation (1): GMM-IV fixed-effect estimation, fixed effect estimation and OLS. Since the results of IV fixed-effect and GMM-IV fixed-effect analyses are very similar, we report only the latter results. The dependent variable in Tables 4-5 is the respondents' risk perception about getting AIDS, which ranges from 1 to 4 in Kenya and 1 to 3 in Malawi (see Section 4). A consequence of this differential variable coding is that the estimated coefficients for Kenya and Malawi are not directly comparable.
The GMM-IV fixed-effect estimates are ex ante our preferred estimates because the estimation controls both for time-invariant and time-varying characteristics that may affect the extent to which individuals are worried about AIDS (Section 3). We also suggested that three sets of variables in our data can potentially serve as instruments in the (GMM-)IV fixed-effect estimations: (1) variables that measure the opportunities and constraints for social interactions about AIDS; (2) variables that measure the "stock" of social network partners at the beginning of the periods studied; and (3) variables describing time-invariant characteristics of respondents and their social environment.
In our GMM-IV fixed-effect analyses we therefore instrumented the right-hand-side variables pertaining to the respondents' social networks, and additionally we instrument the change in the children-ever-born since this variable is endogenous to many AIDS-related behavioral changes such as condom use. The instruments used in these analyses include at least one network partner with moderate/high risk perception in the initial data round, remaining number with moderate/high risk perception in the initial data round, at least one network partner with no/low risk perception in the initial data round, remaining network partners with modest/low risk perception in the initial data round, village average number of funerals attended (an indicator of the possibility for social interactions about AIDS during funerals) between data rounds, village number of newborn babies (an indicator of the possibility for social interactions about AIDS during social activities associated with childbirth between data rounds. 13 In addition, we include among the instruments the respondent characteristics age and age 2 , at least primary education, children ever born at the time of the initial data collection, marital status, having radio and having a hut with a metal roof. In our OLS analyses we also include the respondent characteristics age, age 2 , at least primary education, at least secondary education in addition to the network measures and the time-varying variables describing children ever born, marital status, having radio and having a hut with a metal roof. Table 4 include the number of network partners with different risk perceptions. Most importantly, the GMM-IV fixed-effect analyses show that social interactions affect individuals' worry getting AIDS. In particular, each additional network partner with high risk perception increases the respondent's risk perception by .23 (Kenya) and .11 (Malawi). Network partners with moderate or low risk perception, on the other hand, decrease the respondents own risk assessment. In Kenya, the effect is equal to -.07 and weakly significant, and in Malawi the effect is -.13 (network partners with moderate risk perception) and -.23 (network partners with low risk perception).
Our initial analyses in
In addition to these coefficient estimates obtained from our preferred GMM-IV fixed-effects estimation, the comparison of the different estimated effects across the different models in Table   4 is interesting. In Kenya, fixed effect estimation yields estimates of .17 and .04 for the number of network partners with high and low risk perception, and OLS respectively yields .16 and -.07.
Compared to our preferred model, OLS and fixed effect estimation therefore underestimate the effect of social interactions with network partners who worry a lot about the chances of getting AIDS. In addition, the comparison of the results obtained from GMM-IV fixed-effect and fixed-effect estimation suggests that the residual in the differenced relation in equation 3 is negatively correlated with the change in the network over time. For instance, this can occur if respondents whose disturbance term in the AIDS perception equation (equation 1) is towards increased worries about AIDS then increase their efforts devoted to social interaction and increase their social networks (and particularly, network partners with high risk perception). 14 The pattern of coefficients across the different estimation methods is somewhat different in Malawi. Compared to our preferred model, the fixed effect and OLS estimation overestimate the effect on respondents' risk perception of the number of network partners with high concerns about AIDS, and these models also underestimate the reducing effect of network partners with only moderate and low risk perceptions. Regarding the dynamic adjustment of respondents' social networks over time, the comparison of IV fixed-effect and fixed-effect estimates suggests a positive correlation between the residual ∆ε it of the differenced risk perception equation (equation 3) and the differenced network characteristics ∆X it− . Therefore, respondents whose past disturbance term shifted them towards high risk perceptions tend to have smaller changes in the social network between Malawi 1 and 2, while respondents who were less worried in the past have faster increases in the number of network partners. 15
In Table 5 we further analyze the network effects on AIDS risk perceptions and investigate potentially nonlinear network effects. In contrast to our analyses above, which imply constant marginal effects of additional network partners with either high or low risk perception, we also investigate whether the marginal impact of having one network partner with a given behavior or characteristics (e.g., having high perceived AIDS risk) is different from those of having more network partners with such characteristics. For this purpose we separate the number of network partners with low, moderate or high risk perception into a dummy variable indicating 'at least one network partner with low/moderate/high risk perception' and 'the remaining number of network partners with this risk perception'.
The GMM-IV fixed-effect analyses in Table 5 reveal that having at least one network partner 14 Strictly speaking, the above interpretation is not fully correct since the estimates obtained from fixed-effect estimation yields
where ∆X t− and ∆ε t− are the matrices/vectors of stacked individual characteristics ∆X it− disturbances ∆ε ti− . If the off-diagonal elements of the probability limits in the above relation are large enough, the above argument stated in terms of correlation may not hold. 15 Our data includes risk perceptions and other detailed information on up to four network partners with whom the respondent has talked about HIV/AIDS. This information for up to four network partners is used for the analyses in Table 4 and also for the following analyses in Tables 5-8 . However, 35-55% of respondents in Kenya and 28-49% of respondents in Malawi report in the survey state that they have interacted with more than four network partners (Tables 1 and 2 ). In order to assess the implications of this censoring of detailed information about network partners, and specifically about the network partners' risk perceptions, we also investigate three different assumptions about risk perceptions of network partners for whom detailed information is not available. In particular, we assume that all network partners beyond the first four have (a) high perceived AIDS risk, (b) low perceived AIDS risk, or (c) are distributed among the different risk categories in a proportion that is equal to that observed for the first network partners. In Table A .1 we re-estimate the GMM FE-IV estimates of Table 4 using the assumptions (a-c) for the risk perceptions of network partners beyond the first four. Our intuition is that assumption (b) is likely to be much closer to reality than assumptions (a) and (c) given that (i) the usage rates reported by the respondents themselves in the sample and (ii ) a probable tendency to mention first those network partners who are very concerned about HIV/AIDS (even though there was no instruction to do so) because conversations with such network partners may have seemed more relevant in a context where outsiders have come to ask questions about this topic (for a related discussion, see Miller et al. 2001 ). The estimates in Table A .1, particularly for assumptions (b) and (c), are basically consistent with those in Table 4 in terms of the pattern of network influences on respondents' risk perception as well as the size and significance of the estimated coefficients. The main implications of the different assumptions is that the estimated coefficients become smaller, and sometimes insignificant, for the risk category to which the 4+ network partners are assigned. This effect is expected the increase in the mean and variance of the variable with this adjustment.
with high worries about AIDS increases the respondents' risk perception by .54 (Kenya) and .18 (Malawi), while additional network partners have a substantially smaller effect of .055 (Kenya) and .076 (Malawi). For network partners with low or no perceived AIDS risk the pattern is less clear and statistically insignificant in Kenya. In Malawi, on the other hand, the above nonlinearity also persists and is significant for all categories of network partners' perceived risk. The first network partner with moderate AIDS worries reduces respondents' risk perception by .25, and the reduction is equal to .36 for the first network partner with no risk perception. Additional network partners beyond the first one in any category of AIDS risk concerns have a substantially smaller effect on respondents' risk perception. 16 OLS analyses and pure fixed-effect analyses yield a slightly distorted picture compared to GMM-IV fixed-effect estimates. In particular, in Kenya OLS and fixed-effects underestimate the effect of the first network partner with high risk, and overestimate the marginal effect of additional network partners. In Malawi, the distortions are somewhat different; OLS and fixed effects overestimate the effect of network partners with high risk perceptions and underestimate the reducing effect of network partners with only moderate or low AIDS concerns.
In summary, the estimates in Tables 4-5 suggest: (i ) having social network partners exerts significant and substantial effects on respondents' risk perception about AIDS even with controls for unobserved factors that may affect both the propensities to worry about AIDS and social networks.
(ii ) OLS estimates based on the assumption that social networks are random result in biases in the estimates for these network effects, and the direction of the bias differs in Kenya and Malawi.
For Kenya, the network effects obtained from GMM-IV fixed-effect regressions are between 35 and 70 percent larger than those obtained from standard OLS analyses, while for Malawi the GMM IV fixed-effect estimates tend to be smaller in magnitude than the corresponding OLS estimates; (iii ) the social network effects are asymmetric and nonlinear, and they are particularly relevant for network partners with moderate/high concerns about AIDS and for individuals who have at least one network partner who is perceived to have this characteristic.
Despite the very gendered nature of social networks in Malawi and Kenya, the estimates of social network influences on worry about AIDS are remarkably similar for males. In Table 6 , for instance, the same key findings prevail to males as for females. The GMM-IV estimates reveal significant and relevant social network influences for men, with the strongest influences exerted by the first network partner in any specific category (an exception is for moderate risk perception in Malawi, where the overall influence is not significant). In addition, the network influences are asymmetric where social interactions with individuals expressing high concerns increase, and social interactions with partners expressing low concerns decrease the respondents' risk perceptions. Moreover, the distortions of fixed-effect and OLS estimates as compared to our preferred GMM-IV fixed-effect estimates are very similar for males and females.
Social network influences on spousal communication about AIDS risk
Although we can document similar network influences on risk perception for both men and women, husband and wife can nevertheless reach quite different conclusions about their exposure to AIDS risk and the appropriate preventive behavior. Differences in assessments about AIDS risk can in part be due to asymmetric information or knowledge (for instance, about the extent of extra-marital sexual relations) or due to different patterns of social interaction. This suggests that strategies of prevention might be very different for women and men. Although the survey data show that both men and women discuss AIDS in their social networks, the qualitative data show that the resulting strategies differ. Men primarily discuss the possibilities of remaining faithful or how to select partners who are not infected. Although women also have extramarital relations, their discussions with their network partners appear to focus on how to persuade their husbands to be faithful. For both, however, divorce is a threat: divorce is very common (about 50% of first marriages in Malawi end in divorce), and qualitative data show that it is instigated by both women and men, with remarriage typically following rapidly.
Spousal communication about preventing AIDS thus emerges as a further important determinant of prevention. In addition, our qualitative and earlier quantitative analyses suggest that social networks are likely to be an important determinant of the propensity to discuss the risk of AIDS with one's spouse. On one hand, the previous section has demonstrated network effects on risk perceptions and these perceptions constitute an important motivation for adopting preventive behavior within marriage. On the other hand, social interactions are likely to shape the perceptions about appropriate marital behavior
We are able to perform analyses of social network influences on spousal communication in Kenya (in Malawi, unfortunately, the question was not consistently asked over time). Tables 7 and 8 report our analyses of whether women and men have discussed the chances of getting AIDS with their spouses. In the analyses for females the dependent variable is the wives' response to the question about spousal communication, while it is the husbands' response in the analyses for males. 17 We estimate linear probability models, and the specification of the right-side variables is analogous to the analysis in our earlier sections. We use a linear probability model because the role of fixed effects and its combination with instrumental variable estimation is more transparent in this linear approximation to binary choice models. But for dichotomous dependent variables the assumptions of normality and homoscedasticity of the disturbance term are violated. We adjust for these violations of the classical OLS model in our IV fixed effect estimates by using robust standard errors (White 1980) , and with this modification the linear probability model in equation (1) In Table 7 we focus on the results obtained from considering the number of network partners with different risk perceptions. The GMM-IV fixed-effect estimation indicates that network partners have a relevant and significant effect on spousal communication about AIDS. Moreover, in contrast to the early asymmetrical effects of network partners with different risk perceptions, the effect is in the same direction for spousal communication: independent of the network partner's concern about AIDS, each additional network partner has a positive effect of approximately .04 (females) and .05-.06 (males) on the probability of talking with the spouse about the chance of getting AIDS, and this effect is remarkably similar across genders. Contrary to the pattern in our analysis of risk perceptions, standard OLS analyses would overestimate this network effect by up to 80%. If we allow for nonlinear network effects in Table 8 , the overall significance of our results is reduced due to the additional parameters. Nevertheless, there remains an indication in the GMM-IV fixed-effect estimates that the effect of network partners is nonlinear with the largest effect exerted by the first network partner, but the result is less clear-cut than in our earlier analyses of risk perceptions (for instance, it is also absent for very concerned network partners for females, while it prevails for the other coefficients).
In summary, our analyses suggest that social networks not only influence the perception of AIDS risks, but also important household decision processes in the adoption of preventive behavior. In particular, social interaction with network partners increases the probability of spousal communication about AIDS, and this effect does not seem to depend on the specific risk perception of the network partner.
Conclusions
Epidemiological and social science research on HIV transmission and prevention in Africa has recognized the importance of changes in sexual behavior. That individuals know in the abstract how HIV is transmitted and how it can be prevented has been well documented by many surveys, including the ones used here. Individuals in affected communities remain unclear, however, about the advisability and effectiveness of the changes in sexual behavior that are recommended by experts. Our understanding of responses to the epidemic also remains incomplete without an understanding of how men and women living in the rural areas of sub-Saharan Africa come to perceive their risk of HIV infection and how they come to formulate what they consider to be acceptable and effective strategies of prevention.
In this study we argue that social interactions are mechanisms for reducing this uncertainty and we hypothesize that interactions in social network have important effects on individuals' risk perceptions and their consideration of new behaviors. Our empirical analyses test this hypothesis and provide new estimates based on longitudinal data that we collected in rural Kenya and Malawi on AIDS and AIDS-related social interactions. Our major findings are as follows. First, and foremost, our analysis shows that social networks have significant and substantial effects on individuals' AIDS risk perceptions even when we control for unobserved factors that also may determine the nature of the social networks. Thus, to understand the dynamics and diffusion of behavioral change in response to AIDS it may be essential to incorporate the impact of social networks. The failure to do so may lead to misunderstanding the dynamics of behavioral change. Second, this effect of social networks extends to the area of spousal communication about AIDS risk, and interactions with network partners-independent of network partners' risk assessment-tend to increase the probability of husband-wife communication about the disease. Third, the effects of social networks that we found contribute to a better understanding of diffusion. These effects are generally nonlinear and asymmetric. They are particularly large for having at least one network partner who is perceived to have a great deal of concern about AIDS. The inclusion of additional network partners with the same characteristic or with the opposite characteristic generally has much smaller or insignificant effects. An exception to this asymmetry occurs in the network effects on spousal communication, where network partners, independent of their risk perception, have strong and significant effects.
These findings are of central importance for understanding and curtailing the spread of HIV/AIDS because they document that social interactions constitute a-potentially important-determinant of how individuals and couples develop strategies for coping with AIDS. In particular, this study shows that social networks exert systematic and strong influences on risk perceptions and the probability of spousal communication about AIDS risks in rural areas, and that these influences are in addition to potential other factors such as program interventions focusing on the spread of knowledge about the disease, access to condoms and changes in sexual behaviors within and outside marriage. Social interactions thus are likely to have a substantial impact on the course of the epidemic and the magnitude of its consequences, and these should be taken into consideration in devising program interventions with respect to the AIDS epidemic. Table A .1: Females: re-estimation of the GMM IV-FE models in Table 4 assuming that network parterns beyond the first four have (a) high perceived AIDS risk, (b) low perceived AIDS risk, or (c) are distributed among the different risk categories in a proportion that is equal to that observed for the first four network partners.
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